Arrhythmogenic peroxynitrite-induced alterations in mammalian heart contractility and its prevention with quercetin-filled liposomes.
The aim of the present study was to evaluate the effects of quercetin-filled phosphatidylcholine liposomes (PCLs) on peroxynitrite (ONOO-)-induced cardiac arrhythmias. Experiments were done using different experimental models, including isolated rat papillary muscle, Langendorff perfused rat hearts, and anesthetized animals. Being exogenously applied in a concentration greater than 50 microM, ONOO- caused inhibition of isometric twitch amplitude in isolated papillary muscles and led to an appearance of arrhythmias. Decomposed ONOO- had no similar effects and reversibly increased twitch amplitude. Authentic nitric oxide (NO, 100 microM) did not produce arrhythmias and had no significant effect on twitch amplitude. Verapamil and ruthenium red were with-out effect on ONOO- -induced arrhythmias, whereas tetrodotoxin and nicorandil effectively prevented arrhythmias development. Ouabain increased the arrhythmogenic effect of ONOO-. ONOO- significantly decreased coronary perfusion pressure (CPP) and mean left-ventricular pressure (MLVP) in the Langendorff perfused rat heart and produced severe arrhythmias. Authentic nitric oxide (NO) decreased CPP and MLVP insignificantly and resulted in a low incidence of arrhythmias. The NO donor SIN-1 in doses greater than 50 microM led to the appearance of low-incidence arrhythmias in anesthetized rats. Intraventricular injection of ONOO- promotes the appearance of a high incidence of arrhythmias in anesthetized rats and decreased MLVP. PCLs filled with the antioxidant quercetin restored normal cardiac contractility in both isolated tissues and anesthetizes animals. In conclusion, we hypothesized that ONOO-, but not its decomposed products, can initiate membrane lipid peroxidation and damage the phospholipid environment of ionic channels in myocardial cell plasma membranes inducing abnormal cardiac action potentials, arrhythmogenesis, and contractile dysfunction. Quercetin-filled PCL provide reliable protection against peroxynitrite-induced myocardial injury in isolated cardiac tissues and anesthetized animals primarily as a result of the decomposition of endogenously formed ONOO-.